Peptoniphilus stercorisuis sp. nov., isolated from a swine manure storage tank and description of Peptoniphilaceae fam. nov. A species of a previously unknown Gram-positive-staining, anaerobic, coccus-shaped bacterium recovered from a swine manure storage tank was characterized using phenotypic, chemotaxonomic, and molecular taxonomic methods. Comparative 16S rRNA gene sequencing studies and biochemical characteristics demonstrated that this organism is genotypically and phenotypically distinct, and represents a previously unknown sub-line within the order Clostridiales, within the phylum Firmicutes. Pairwise sequence analysis demonstrated that the novel organism clustered within the genus Peptoniphilus, most closely related to Peptoniphilus methioninivorax sharing a 16S rRNA gene sequence similarity of 95.5 %. The major long-chain fatty acids were found to be C 14 : 0 (22.4 %), C 16 : 0 (15.6 %), C 16 : 1 v7c (11.3 %) and C 16 : 0 ALDE (10.1 %) and the DNA G +C content was 31.8 mol%. Based upon the phenotypic and phylogenetic findings presented, a novel species Peptoniphilus stercorisuis sp. nov. is proposed. The type strain is SF-S1 T (5DSM 27563 T 5NBRC 109839 T ). In addition, it is proposed to accommodate the genera Peptoniphilus, Anaerococcus, Anaerosphaera, Finegoldia, Gallicola, Helcococcus, Murdochiella and Parvimonas in a new family of the order Clostridiales, for which the name Peptoniphilaceae fam. nov. is proposed; the type genus of the family is Peptoniphilus.
At the time of writing, the genus Peptoniphilus consists of 12 species with validly published names, including Peptoniphilus asaccharolyticus (Ezaki et al., 2001) , Peptoniphilus coxii (Citron et al., 2012) , Peptoniphilus duerdenii (Ulger-Toprak et al., 2012) , Peptoniphilus harei (Ezaki et al., 2001) , Peptoniphilus indolicus (Ezaki et al., 2001) , Peptoniphilus ivorii (Ezaki et al., 2001) , Peptoniphilus koenoeneniae (Ulger-Toprak et al., 2012) , Peptoniphilus lacrimalis (Ezaki et al., 2001) , Peptoniphilus methioninivorax (Rooney et al., 2011) , Peptoniphilus olsenii (Song et al., 2007) , Peptoniphilus gorbachii (Song et al., 2007) and Peptoniphilus tyrrelliae (Citron et al., 2012) . Almost all species have been isolated from human clinical material. However, Peptoniphilus indolicus can be isolated from cattle, swine and occasionally also be recovered from insects associated with cattle and from human clinical specimens (Ezaki et al., 2001; Madsen et al., 1991) ; while Peptoniphilus methioninivorax was isolated from retail ground beef (Rooney et al., 2011) .
The exact relationship of this group of organisms with other close members of the Firmicutes is somewhat uncertain, and this is reflected in their placement in the Family XI Incertae Sedis (order Clostridiales, class Clostridia, phylum Firmicutes) in the current edition of Bergey's Manual of Systematic Bacteriology (De Vos et al., 2009) . Our studies demonstrate that the genus Peptoniphilus shares a close relationship with the genera Anaerococcus, Anaerosphaera, Helcococcus, Finegoldia, Gallicola, Murdochiella and Parvimonas and that these organisms share consistent biochemical and chemotaxonomic traits which support the proposal to create a family to embrace these genera. In this study, we report the isolation and characterization of a novel species recovered from stored swine manure. The production of odorous chemicals that include ammonia, organic acids and alcohols, and sulphides by micro-organisms, and an understanding of the underlying processes of the production IP: 54.70.40.11
On: Fri, 21 Dec 2018 20:50:09 of these compounds is the focus of ongoing research on swine manure management (Miller, 2001) . The Grampositive, obligately anaerobic, coccal-shaped organism isolated from stored swine manure was characterized using biochemical, chemotaxonomic and phylogenetic methods, and based upon these findings presented here, a novel species of the genus Peptoniphilus is proposed.
Strain SF-S1 T was isolated from a manure storage tank located at a pig production facility in central Oklahoma, USA. A sample of pig slurry was collected from a 3.0 m depth using a tank sampler (NASCO); the environmental conditions of the sample site were 28 u C, pH 7.3 and when allowed to settle, the particulate matter was found to be approximately 50 % (v/v). The sample was transferred to a nitrogen-flushed sterile bottle that was then sealed to maintain an anaerobic environment, and transported back to the laboratory on ice. A 10 % inoculum was used for enrichment in Brain Heart Infusion (BHI; Oxoid) broth at pH 7.0 and was incubated at room temperature with H 2 :N 2 :CO 2 headspace (5 : 10 : 85) at 20 p.s.i. Isolation was achieved through serial plate dilutions and sub-cultures on Tryptic Soy Agar (Becton, Dickinson and Company) amended with 5 % defibrinated sheep blood, and incubated in anoxic jars containing H 2 :N 2 :CO 2 headspace (5 : 10 : 85) at 37 u C. Colonies were picked and sub-cultured onto fresh media until well-isolated. For phenotypic analysis, cells that had been grown anaerobically for 5 days at 37 u C on Brucella blood agar (Oxoid) were used for all tests unless otherwise stated. Cells were examined with an Olympus CX41 microscope using phase-contrast at 61000 magnification. For biochemical characterization, conventional tests and Rapid ID 32A and API ZYM test systems (bioMérieux) were employed with all tests performed in duplicate (Jousimies-Somer et al., 2002; Tindall et al., 2007) . For additional tests, except where stated, the strain was incubated in Hungate tubes containing anoxic peptoneyeast extract (PY) medium (Holdeman et al., 1977) supplemented with 0.1 % cysteine sulfide. Fermentation tests were performed using fructose, mannose, glucose, sucrose, xylose and cellobiose using pre-reduced, anaerobically sterilized peptone/yeast/carbohydrate broth tubes (Anaerobe Systems). Growth was tested at temperatures of 4, 10, 15, 20, 25, 30, 37, 43, 47 and 60 uC; pH values of 5, 5.5, 6, 6.5, 7, 7.3, 7.75, 8, 8.5 and 9; and NaCl concentrations of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8 and 9 %. Optimum growth conditions were determined using a spectrophotometer at 600 nm (Spectronic 20D; Milton Roy). All tests were performed in duplicate.
The novel strain grew anaerobically but could not grow in air. Cells were Gram-stain positive, coccus-shaped ( Fig. S1 , available in the online Supplementary Material) with a typical colony being circular, grey, convex, entire and opaque with a diameter of 1-2 mm on Brucella base agar (Oxoid) plus defibrinated sheep blood after 5 days incubation at 37 u C. Tested by antibiotic discs, the organism was susceptible to penicillin, chloramphenicol and bacitracin, but resistant to trimethoprim and ciprofloxacin. Strain SF-S1 T was catalase-and urease-negative and negative for nitrate reduction and indole production. The novel strain was also asaccharolytic and did not produce acid from the carbohydrates tested.
The Rapid ID 32A profile for strain SF-S1 T was determined to be 2000053705, which corresponded to positive reactions for arginine dihydrolase, arginine arylamidase, phenylalanine arylamidase, leucine arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase and serine arylamidase, and a weakly positive reaction for leucyl glycine arylamidase. Using the API ZYM test system, positive reactions were obtained for leucine arylamidase, cystine arylamidase and phosphohydrolase, with weak reactions obtained for a-galactosidase and a-mannosidase. All other API ZYM tests were negative.
For chemotaxonomic analysis of cellular fatty acids, biomass of strain SF-S1 T was collected from BHI Chocolate Agar (Oxoid) after 72 h anaerobic growth at 37 u C and the analysis performed at the Center for Microbial Identification and Taxonomy (University of Oklahoma). Fatty acid methyl esters were extracted using the Sherlock Microbial Identification System (MIDI) version 6.1 as described previously (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Analysis was carried out with an Agilent Technologies 6890N gas chromatograph equipped with a phenyl methyl silicone fused silica capillary column (HP-2 25 m 6 0.2 mm 6 0.33 mm film thickness) and a flame-ionization detector. Hydrogen was used as the carrier gas. The temperature program was initiated at 170 u C and increased at 5 u C min 21 to a final temperature of 270 u C. The relative amount of each fatty acid was expressed in terms of the percentage of total fatty acids. The quantitative fatty acid data of strain SF-S1 T was C 14 : 0 (22.4 %), C 15 : 1 v8c (8.7 %). C 16 : 0 (15.6 %), C 16 : 1 v7c (11.3 %), C 16 : 0 ALDE (10.1 %) with minor amounts of C 12 : 0 (2.2 %), C 13 : 1 (3.2 %), anteiso-C 15 : 0 (1.7 %), C 16 : 1 v5c, (2.9 %), C 17 : 1 v7c (1.8 %), C 17 : 1 v8c (1.9 %), C 17 : 1 v9c (1.1 %), C 17 : 0 (3.0 %) and cyclo C 17 : 0 / C 18 : 0 (2.9 %). Trace amounts of C 13 : 0 (0.8 %), C 14 : 0 2-OH (0.9 %) and iso-C 15 : 1 H/C 13 : 1 3-OH (0.9 %) were also detected. In addition a number of unknown products were detected with estimated carbon lengths of C 18 : 3 (0.8 %), C 16 : 3 (2.2 %) and C 13 : 8 (5.8 %). Table 1 shows the fatty acid composition of strain SF-S1 T as well as some other type strains of the genus Peptoniphilus. The major products of C 14 : 0 and isomers of C 16 : 0 are consistent with the genus description, however C 16 : 0 ALDE is produced in strain SF-S1 T but is lacking or only present in minor proportions in some species (Peptoniphilus asaccharolyticus, Peptoniphilus harei and Peptoniphilus olsenii). Strain SF-S1 T also has an elevated level of C 16 : 1 v7c that is seen in Peptoniphilus methioninivorax NRRL B-23883 T but not in other species of the genus. In addition, fatty acid analyses were performed on strain SF-S1 T using a number of different media [and a direct comparison with Peptoniphilus methioninivorax NRRL B-23883 T grown on Columbia agar (Sigma-Aldrich)]; the profiles obtained were remarkably stable with C 14 : 0 , C 16 : 0 and C 16 : 1 v7c always forming the major products (Table S1 ).
The DNA G+C content of strain SF-S1 T was determined according to the method of Mesbah et al. (1989) and found to be 31.8 mol%. For phylogenetic analyses, methods for DNA extraction, primers and PCR conditions were as previously described (Ulger-Toprak et al., 2012) . The closest known relatives of the novel isolate based on the 16S rRNA gene sequence were determined by performing searches of EMBL/GenBank databases using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The most related sequences were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm (Myers & Miller, 1988) . These sequences and those of other related strains were aligned with the sequence derived from strain SF-S1 T using the program CLUSTAL W (Thompson et al., 1994) . Phylogenetic reconstructions were performed in MEGA software (version 4) (Tamura et al., 2007) using the neighbour-joining method (Saitou & Nei, 1987) , applying evolutionary genetic distances that had been calculated by Kimura's two-parameter model (Kimura, 1980) . Results of the DNA database searches showed the novel isolate to be a member of the phylum Firmicutes and within the genus Peptoniphilus. Pairwise comparisons revealed that strain SF-S1 T was most closely related to Peptoniphilus methioninivorax NRRL-23883 T sharing a 16S rRNA gene sequence similarity value of 95.5 %, with all other species displaying16S rRNA gene sequence similarity values of between 88.0 and 91.0 %. These values are well-below the generally recognized divergence value of 3 % used to facilitate the assignment of novel species (Stackebrandt & Goebel, 1994) . The novel strain Fig. 1) and was confirmed by the maximum-parsimony method (Fitch, 1971) using MEGA software (version 4) ( Fig. S2 ). It is interesting to note that Peptoniphilus methioninivorax is the only other species of the genus Peptoniphilus to date that has not been recovered from human clinical material but is associated with animals, albeit from ground beef.
In the current edition of Bergey's Manual of Systematic Bacteriology (De Vos et al., 2009) the exact relationship of the genus Peptoniphilus with other close members within the order Clostridiales is uncertain and placed in the Family XI Incertae sedis along with the genera Anaerosphaera, Anaerococcus, Helcococcus, Finegoldia, Gallicola, Murdochiella and Parvimonas. From the phylogenetic data presented in Fig. 1 and Fig. S2 , it is clear that these genera form an rRNA gene super-cluster that share consistent biochemical and chemotaxonomic traits ( Table 2) . It is pertinent to note that the genus Peptoniphilus is not monophyletic, with Anaerosphaera located within this group; the genus Anaerosphaera was originally circumscribed on the basis of the presence of lysine rather than ornithine as the diagnostic diamino acid of the cell-wall peptidoglycan and the presence of thermotolerant cells. In addition, the type and only species of this genus, Anaerosphaera aminiphila, was phylogenetically located on the periphery of the Peptoniphilus cluster of organisms, but with the subsequent description of a number of species of the genus Peptoniphilus, Anaerosphaera aminiphila is now phylogenetically located within the centre of this cluster of organisms.
Moreover, with the internal structure present within this rRNA lineage it is likely that further taxonomic revisions may be necessary in the future.
In addition to its unique 16S rRNA gene sequence, traits useful in distinguishing the novel species from other species of the genus Peptoniphilus are shown in Table 1 , Table 2 , Table S1 and the species description. Based on phenotypic, genotypic and chemotaxonomic evidence, strain SF-S1 T isolated from a swine manure storage tank represents a novel species of the genus Peptoniphilus, for which the name Peptoniphilus stercorisuis sp. nov. is proposed.
The genera Anaerosphaera, Anaerococcus, Helcococcus, Finegoldia, Gallicola, Murdochiella, Parvimonas and Peptoniphilus share a phylogenetic ancestry and form a robust group. Based on phylogenetic, biochemical and chemotaxonomic information we propose the designation of Peptoniphilaceae fam. nov. to accommodate these genera. Peripheral to this group of organisms are members belonging to the genera Sedimentibacter, Soehngenia, Sporanaerobacter, Tepidimicrobium and Tissierella that can be differentiated on the basis of their rod-shaped cell morphology and other features shown in Table 3 .
Description of Peptoniphilus stercorisuis sp. nov.
Peptoniphilus stercorisuis (ster.co.ri.su9is. L. masc. n. stercus, -oris faeces, manure; L. gen. n. suis of a pig; N.L. gen. n. stercorisuis from pig faeces/manure, referring to the isolation of the organism from pig faeces/manure).
Cells are anaerobic, Gram-stain-positive cocci occurring singly or in pairs. Growth is strictly anaerobic. Cells are non-motile, non-spore-forming and non-haemolytic. Growth occurs at 20 u C and 37 u C (optimum 30 u C), at pH 6.0 and 9.0 (optimum pH 7.75), and with 0-5 % (w/v) NaCl. Growth is not observed at 15 u C or 43 u C or at pH 5.5 or 9.5. Colonies are small (1-2 mm diameter), grey, circular, and convex on Brucella blood agar plates after 5 days incubation at 30 u C, while cells in liquid broths (PYG) aggregate into large floccules, visible by eye. Cells are both catalase-and urease-negative. Nitrate is not reduced and indole is not produced. Carbohydrate is not utilized. Using the API Rapid 32A kit, positive reactions are observed for arginine dihydrolase, arginine arylamidase, phenylalanine arylamidase, leucine arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase and serine arylamidase, and a weakly positive reaction is observed for leucyl glycine arylamidase. Negative reactions are observed for a-galactosidase, bgalactosidase, b-galactosidase 6-phosphate, a-glucosidase, b-glucosidase, a-arabinosidase, b-glucuronidase, N-acetyl-bglucosaminidase, raffinose and mannose fermentation, glutamic acid decarboxylase, a-fucosidase, alkaline phosphatase, proline arylamidase, pyroglutamic acid arylamidase and glutamyl glutamic acid arylamidase. Using the API ZYM test system, positive reactions are obtained for leucine arylamidase, cystine arylamidase and phosphohydrolase; weak reactions are obtained for a-galactosidase and a-mannosidase.
Major fatty acids include C 14 : 0 , C 16 : 0 , C 16 : 1 v7c and C 16 : 0 ALDE. Sensitive to penicillin, chloramphenicol and bacitracin, but resistant to trimethoprim and ciprofloxacin.
The type strain is SF-S1 T (5DSM 27563 T 5NBRC 109839 T ) isolated from a swine manure storage tank located in the state of Oklahoma, USA. The DNA G+C content of the type strain is 31.8 mol% (HPLC).
Description of Peptoniphilaceae fam. nov.
Peptoniphilaceae (Pep.to.ni.phi.la.ce9ae. N.L. masc. n. Peptoniphilus type genus of the family; L. suff. -aceae ending to denote a family; N.L. fem. pl. n. Peptoniphilaceae the family of the genus Peptoniphilus).
Falls within the order Clostridiales and the delineation of the family is primarily on basis of 16S rRNA gene sequence phylogeny and is supported by morphological, biochemical and chemotaxonomic characteristics. The family includes the genera Anaerococcus, Anaerosphaera, Finegoldia, Gallicola, Helcococcus, Murdochiella, Parvimonas and Peptoniphilus. Cells are Gram-stain-positive, strictly anaerobic cocci and are negative for both motility and spore formation.
Carbohydrates are not normally utilized. Peptone and amino acids are metabolized, yielding butyrate, acetate and lactate as major end products. Predominant fatty acids include C 16 : 0 , C 16 : 1 , C 18 : 0 and C 18 : 1 . The cell wall may contain the diamino acids alanine, aspartate, lysine, ornithine or glutamic acid. Isolated from animal and bird faeces or human clinical samples. The DNA G+C content is between 27-35 mol%. 
